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Abstract- The corrosion inhibition effect of Ephedra Sarcocarpa (ES) extract on copper (Cu) 

in 2.0 M HCl medium has been investigated by potentiodynamic polarization and 

electrochemical impedance spectroscopy (EIS) methods. The polarization studies showed that 

ES extract acts as cathodic type protection and maximum inhibition efficiency 95% in 2.0 M 

HCl is obtained at 0.5 g/L ES extract at 298 K. EIS was used to investigate the mechanism of 

corrosion inhibition. The Nyquist plots show an increase of the charge transfer resistance 

with increasing of the inhibitor concentration and decreases double layer capacitance. The 

inhibitory action of the extract was discussed in view of the Langmuir adsorption isotherm.  
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1. INTRODUCTION  

Hydrochloric acid solution causes corrosion of copper [1,2]. It is well known that 

corrosion never stops, but its scope and severity can be lowered. However, corrosion control 

is an essential issue from application point of view and it has been reported that inhibitors are 
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needed to be used which act as a barrier to reduce the aggressiveness of the environments 

against the pitting corrosion attack [3-5]. 

Some methods and compounds have been used for corrosion protection of metal in a 

corrosive solution such as organic compounds, especially those with N, O and S atoms [6] 

and organic self-assembled monolayer [7,8]. Nevertheless, most of these compounds are not 

only expensive, but also toxic for living beings. Recently the development of novel corrosion 

inhibitors of plant extracts has attracted some attention as safe to the environment corrosion 

inhibitor for many decades [9]. Plant extracts are an incredibly rich source of natural 

chemical compounds that can be extracted by simple procedures with low cost and are 

biodegradable, readily available and nontoxic in nature. Environmental green inhibitors have 

attracted several researchers for corrosion inhibition of mild steel, 304 and 316 stainless steel 

by plant extracts in acidic medium. Hazwan Hussin and Jain Kassim [10] studied the 

inhibiting effect of Uncaria Gambir extract on the acid corrosion of mild steel in 1 M HCl 

solution. Okafor et al. [11] studied the inhibiting action of leaves, seeds and a combination of 

leaves and seed extracts of Phyllanthus Amarus on mild steel corrosion in HCl and H2SO4 

solutions. The corrosion inhibition effect of the justice gendarussa extract on mild steel in 1 

M HCl medium was also studied [12], Rocha and coworkers [13] reported the effect of 

aqueous extracts of mango, orange, passion fruit and cashew peels as corrosion inhibitors for 

carbon steel in 1 M hydrochloric acid.  

One of extracting compounds from plants that can be used as anticorrosive is ES extract 

compound. The most compounds of ES extract, especially phenolic compounds, contain 

heteroatom oxygen and aromatic rings. Thus, it seems that ES extract can be a useful 

corrosion inhibitor. Presently, to the best of our knowledge, there is no reported work on 

inhibiting effects of the ES extract on Cu in hydrochloric acid solution. Therefore, we 

consider it necessary to study the effects of its corrosion inhibition. 

Copper is a metal with a wide range of applications such as: using in the cooling systems 

of nuclear installations, automobiles, power plants, hotels, oil refineries and sugar factories 

[14,15] owing to its high electrical and thermal conductivity, mechanical workability and 

malleability. The purpose of this work is to investigate the protection efficiency of the ES 

extract on Cu corrosion by Tafel polarization, electrochemical impedance spectroscopy and 

the temperature effect (without and with the inhibitors was studied in the temperature range 

from 298 to 338 K) in 2.0 M HCl. 

 

2. EXPERIMENTAL SECTION 

2.1. Materials 

The Cu was used with purity of ≥99.9 wt% in the present study. The metal sheet (Cu) was 

cut into rectangular samples of 1 cm×1 cm 0.1 cm soldered with Cu-wire for an electrical 

connection and mounted onto the epoxy resin to offer only one active flat surface exposed to 
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the corrosive environment. All other chemicals were purchased from Merck. Corrosion tests 

were carried out to use of µ-AUTOLAB potentiostat/galvanostat model µш AUTO 71174 

connected to a Pentium IV personal computer through a USB electrochemical interface. 

Pretreated Cu was used as working electrode in the conventional three-electrode cell. The 

polarization and impedance obtained data were analyzed using by Nova 1.6 electrochemical 

software. The temperature test was adjusted to 298- 338 K using by TAMSON model T1000 

thermostat. 

 

2.1.1.Plant material 

Flowering aerial parts of Ephedra Sarcocarpa was collected during spring 2011 from 

Qom area (Iran) at an altitude of 850 m. Stem and flowers were separated, dried in the shade 

and ground (80 mesh). An authenticated specimen of the plant was also deposited in the 

herbarium of the Kashan Research Botanical Garden, Research Institute of Forests and 

Rangelands, Kashan, Iran.   

 

2.1.2. Preparation of electrodes 

Before each experiment the working electrode was abraded with a sequence of emery 

papers of different grades (280- 2000 grain size) and then electrode surfaces were washed 

with distilled water, thoroughly degreased with ethanol and washed with distilled water again 

and dried with soft paper, then immediately inserted into the glass cell containing test 

solution. 

 

2.2. Methods 

2.2.1. Test solutions  

The experimental measurements were carried out in 2.0 M HCl solution in the absence 

and presence of various concentrations of ES extract solution. All the solutions were prepared 

by using HCl and ES extract in distilled water. All the experiments were done at 298 K in 

solutions open to the atmosphere under unstirred conditions. A fresh prepared solution was 

used for each experiment. 

 

2.2.2. Corrosion tests 

Electrochemical experiments performed in a conventional three electrodes 

electrochemical cell with the Cu as a working electrode, a platinum counter electrode and 

saturated (3.0 M) Ag/AgCl electrode as a reference electrode. Before polarization and EIS 

measurements, the working electrode was immersed into the test solution and left for 1500 s 

at the open circuit potential (OCP). A scan rate of potential was 0.1 mV/s and potential was 

scanned in the range of -200 to +200 mV relative to the corrosion potential. The corrosion 

potential (Ecorr) and the corrosion current density (Icorr) were obtained from the Tafel plots 
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and using the NOVA 1.6 software. In the case of electrochemical impedance spectroscopy, 

a.c. signals of 10 mV amplitude and various frequencies from 100 kHz to 0.01 Hz at open 

circuit potential were impressed to the Cu electrode. 

 

3. RESULTS AND DISCUSSION 

3.1. Tafel polarization measurements 

The potentiodynamic polarization behavior of Cu in 2.0 M HCl in the presence of various 

concentrations of ES extract is shown in Fig. 1. The corrosion parameters such as Ecorr, Icorr, 

anodic and cathodic Tafel slopes (ba and bc) were derived from these curves (Table 1). The 

inhibition efficiency (η) is calculated by the following expression [16]: 

η% = [(Icorr- Icorr(inh)) / Icorr] ×100                                                                                            (1) 

Where Icorr(inh) and Icorr are the corrosion current density of Cu, respectively, with and 

without ES extract in HCl solution. 

The addition of ES extract in the concentration range of 0.1- 0.5 g/L decreases the Icorr 

value from 90 (blank) to 4.9 µA/cm
2 

(0.5 g/L) resulting in around 95% of η%. Regarding the 

potentiodynamic polarization curves it can be clearly seen that the Ecorr values shifted to 

negative potentials in the presence of ES extract concentration, although there was not a 

specific relation between Ecorr and inhibitor concentration.  

 

Table 1. Polarization parameters for Cu in 2.0 M HCl in the presence and absence of ES 

extract  
                                         

 

It is also worth noting that the value of ba changes dramatically with the addition of ES 

extract, more than the value of bc. This indicates that the ES extract behave cathodically more 

than anodically that these results indicated that ES extract acts type as a cathodic protection. 

The polarization resistance (Rp) is an important parameter, that ability of inhibitor in the 

Cextract    

(g/L) 

Ecorr            Rp      

(mV)     (Ω/cm
-2

) 

bc 

(mV/dec) 

ba                      

(mV/dec) 

Icorr                   

(µA/cm
2
) 

η(%) 

Blank -261        4.4×10
2 

         80.2          81.3       90.0     - 

0.1 -284        3.0×10
3 

56.1 59.5      9.7    89.2 

0.2 -284        4.2×103 58.1 76.5      7.9    91.2 

0.3 -280        5.5×10
3
 53.9 136.8      7.1    92.1 

0.4 -296        6.5×103 64.1 141.6      6.8    92.4 

0.5 -301        9.2×10
3
 60.1 175.8      4.9    94.5 
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prevention of electron exchange in a corrosive environment. The Rp was calculated using the 

following equation [17]: 

Rp=	
��×	��

�×���		×(�����)
                                                                                                                   (2) 

where A is electrode surface. As it can be seen in Table 1, Rp increases from 4.4×10
2
 Ω/ 

cm
-2

 for blank to 9.2×10
3
 Ω/cm

-2
 for 0.5 g/L (optimal conditions) and this shows that the ES 

extract provided the high polarization resistance. This effect may be related to the adsorption 

of the ES extract compound at the active sites of the electrode surface, retarding the corrosion 

reaction [18]. 

 

 

 

Fig. 1. Polarization curves of Cu in 2.0 M HCl containing various concentrations of ES 

extract 

 

3.2. Electrochemical impedance measurements (EIS)       

Fig. 2 shows Nyquist plots obtained from impedance measurements for Cu in 2.0 M HCl 

in the presence of different concentrations of the ES extract inhibitor. These impedance plots 

were modeled by the equivalent circuit depicted in Fig 3. The Nyquist plot contains a 

depressed semicircle with the center under the real axis, such behavior is characteristic for 

solid electrode which is attributed to surface roughness and inhomogeneities of metal 

electrodes. The existence of a single semicircle shows the presence of single charge transfer 

process during dissolution, which is unaffected by the presence of an inhibitor molecule. The 

charge transfer resistance (Rct) and the interfacial double layer (Cdl) values are derived from 
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these curves (Table 2). The inhibition efficiency obtained from the charge transfer resistance 

is calculated by the following relation [1]: 

η(%)= 
��
������

��	�

��
��� ×100                                                                                                              (3) 

where Rct
inh 

and Rct 
bare

 are the charge transfer resistances in the presence and absence of 

the ES extract. The values of η% inhibitor are in quite good agreement with the results 

obtained previously from polarization measurements. For the description of a frequency 

independent phase shift between an applied alternating potential and its current response, a 

constant phase element (CPE) is used instead of capacitance (C). The CPE is defined by the 

mathematical expression [19,20]. 

ZCPE=1 ⁄ ��(��)
�                                                                                                                    (4) 

where ZCPE, impedance of CPE; Y0, a proportional factor; �, Angular frequency; j,  

(-1)
1/2

; and n the exponential term, which has many different explanations, it can be 

associated with the roughness of electrode surface [21], a distribution of reaction rates [20], 

non-uniform current distribution [22,23], etc.  

 

 

Fig. 2. Nyquist plots for Cu in 2.0 M HCl containing ES extract with different concentrations 

 

Simulation of Nyquist plots with a model containing constant phase element (CPE) 

instead of capacitance and charge transfer resistance (Rct) showed excellent agreement with 
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experimental data. The main parameters deduced from the analysis of the Nyquist diagram 

for 2.0 M HCl containing various concentrations of ES extract are given in Table 2. With 

increasing ES extract concentration, the Rct increased and capacitance (Y0) decreased, 

indicating that the increasing ES extract concentration decreased the corrosion rate. This fact 

suggests that the inhibitor molecules acted by adsorption at the metal/solution interface [24]. 

The lower value of n for 2.0 M HCl medium indicated surface inhomogeneity resulted from 

roughening of metal surface due to corrosion. 

 

 

 

Fig. 3. The equivalent circuit model 

 

From Table 2, it is found that Rct values increase with an increase in the inhibitor 

concentration while CPEdl values decrease, which results in maximum η% (94.8%) at high 

concentration. 

 

Table. 2. Impedance data of Cu in 2.0 M HCl with and without ES extract  

 

Cextract 

(   (g/L)(g/l) 

RS 

(Ω/cm
2
) 

Rct 

(Ω/cm
2
) 

Cdl 

(µF/cm
2
) 

n               η% 

Blank 0.82 49 850 0.74            - 

0.1 0.61 471 725 0.62           89.6 

0.2 0.70 555 680 0.55           91.2 

0.3 0.94 685 610 0.60           92.8 

0.4 0.86 785 455 0.59           93.7 

0.5 0.84 945 425 0.63           94.8 

       

The protective action of organic substances during metal corrosion is based on the 

adsorption ability of their molecules, where the resulting adsorption film isolates the metal 

surface from the corrosive medium.  
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3.3. Effect of temperature       

Temperature has a great effect on the corrosion phenomenon. Generally the corrosion 

rate increases with the rise of the temperature. For this aim, the polarization experiment (Fig. 

4) in the range of temperature 308-338 K, is performed in the absence and presence of 0.5 

g/L concentration of ES extract. The corresponding data are shown in Table 3.  

 

 

Fig. 4. Effect of temperature on polarization curves of Cu in M HCl containing 0.5 g/L ES 

extract 

 

Table 3. Polarization parameters for the corrosion of the Cu in 2.0 M HCl without and with 

addition of ES extract at different temperatures 
    

Temperature 

(K) 
CES(g/L) 

Ecorr 

(mV) 

Icorr 

(µA/cm
2
) 

bc 

(mV/dec) 

ba 

(mV/dec) 

η% 

308 
Blank                                         

0.5 

-251                                      

-273 

91.7         

22.0 

54.5                     

66.4 

375.0 

323.0 

76.0 

 

318 
Blank                

0.5 

-261                           

-272 

338.5           

43.9 

83.9            

63.3 

428.0 

551.0 

87.0 

 

328 
Blank                         

0.5 

-262               

-278 

1038.0                         

114.7 

104.2 

62.4 

190.0 

804.0 

88.9 

 

338 
Blank                              

0.5 

-265                  

-291 

1181.0           

217.8 

114.1                              

82.8 

584.0 

304.0 

81.5 
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It was found that increase in the inhibitor concentration increases the number of 

molecules adsorbed over the Cu surface, blocking the active sites of acid attack and thereby 

protecting the metal from corrosion. It is clear from Table 3 that by increasing the 

temperature in the range 308–328 K, the inhibition efficiency, increased from 75.9% to 

89.0%. Increasing inhibition efficiency with increasing temperature can be attributed to 

strong adsorption of the coating to the surface. The inhibition efficiency level also increased 

as the temperature increased (Table 3). The fact that ƞ% increased with temperature is 

explained by Bouyanzer et al. [25] and de Souza et al. [26] as the likely specific interaction 

between the metal surface and the inhibitor. Ivanov [27] considers the increase of ƞ% with 

temperature increases as the change in the nature of the adsorption mode. The inhibitor is 

being physically adsorbed at lower temperatures, while chemisorption is favored as 

temperature increases. Noor et al. [28] suggested increasing temperature, when chemical 

changes occur in the inhibitor molecules, leading to an increase in the electron density at the 

adsorption centers of the molecule, which causes an improvement in inhibition efficiency. 

Arrhenius Eq. (4) was used to calculate activation parameters for the corrosion process [29]:

    

W = K exp(���/ !)                                                                             (5) 

where W is the corrosion rate, K is the Arrhenius pre-exponential factor, T is absolute 

temperature, Ea the activation corrosion energy for the corrosion process. The corrosion 

activation energy (Ea) for different concentrations of ES extract is calculated by linear 

regression between Icorr and 1/T (Fig. 5) and the result is shown in Table 4. All the linear 

regression coefficients are close to 1, indicating that the Cu corrosion in HCl can be 

elucidated using the kinetic model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Arrhenius plots of Ln (Icorr) versus 1/T in the absence and presence of 0.5 g/L of ES 

extract 
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The apparent activation energy was determined from the slopes of lnIcorr vs 1/T graph 

depicted in Fig. 5. The calculated values of the activation energy from the slopes are about 77 

and 68 kJ/mol for free extract and with the addition of ES extract, respectively. The lower 

value of Ea of the corrosion process in an inhibitor’s presence when compared to that in its 

absence is attributed to its chemisorption [30]. 

 

3.4. Adsorption isotherm  

In order to gain more information about the mode of adsorption of these compounds on 

the surface of Cu, the experimental data have been tested with several adsorption isotherms 

including Langmuir, Frumkin, Freundlich and Temkin isotherms. However, the best fit is 

obtained from the Langmuir isotherm [31]. So these adsorption isotherms were tested for the 

explanation of adsorption behavior of the ES extract on Cu surface in 2.0 M HCl solution.  

The fit to the Langmuir isotherm was determined by plotting C/θ versus C according to 

the following equation [31]:     

"/#=1/Kads+C                                                                                                                        (6) 

Where Kads is adsorption equilibrium constant. The correlation coefficient, R
2
, was used 

to choose the isotherm that it’s the best fit experimental data. The degree of surface coverage 

θ (θ = η/100) was evaluated from the polarization curves. The strong correlation (R
2
>0.99) 

suggests that the adsorption of inhibitor on the Cu surface obeyed this isotherm. The relation 

between C/θ and C is shown in Fig 6. These plots are linear with a slope equal to unity. This 

suggests that the adsorption of the ES extract on metal surface followed the Langmuir 

adsorption isotherm. This isotherm assumes that the adsorbed molecules occupy only one site 

and there are no interactions with other adsorbed species [32]. The equilibrium constant for 

adsorption process is related to the free energy of adsorption $%�&'
(  is expressed by following 

equation [32]: 

Kads= 
)

**.*
exp(�

/0�12
3

4
)                                                                                                  (7) 

Where R is the universal gas constant (8.314 J/K mol), T is the thermodynamic 

temperature, 55.5 is the molar concentration of water in the solution expressed in M (mol/L). 

The energy of adsorption could not have been calculated due to the unknown molecular 

mass of the ES extract. The free energy of adsorption values, $%�&'
( were obtained for ES 

extract and results indicate that the values of $%�&'
(  is about -21.5 for ES extract in 2.0 M 

HCl. The negative values of $%�&'
(  means that the adsorption of ES extract on Cu surface is a 

spontaneous process and furthermore the negative values of $%�&'
(  also shown the strong 

interaction of the inhibitor molecule onto the Cu surface. 
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Fig. 6. Variation of ɵ with different concentration of ES extract fitted to langmuir isotherm 

obtained from (a) polarization and (b) EIS method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. SEM micrographs of abraded Cu (image a), the surface of the Cu specimens after 

immersion in 2.0 M HCl solution for 4 h: without ES extract (image b) and containing 0.5 

g/L ES extract (image c) 
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3.5. Scanning electron microscopy 

Scanning electron microscope (SEM) images were taken in order to study the surface 

morphology of Cu in the absence and presence of ES extract inhibitor. Fig. 7a show the 

typical SEM images of abraded Cu, Fig. 7b reveals that in the absence of plant extract, the Cu 

surface is highly damaged with pitted areas. Fig. 7c shows a smooth surface with deposited 

extract on Cu (the specimen after immersion in 2.0 M HCl solution containing 0.5 g/L ES 

extract; for 4 h). By comparison of SEM images, it is indicated that the pits disappear and Cu 

is almost free from corrosion in HCl with a plant extract solution. This is because of the 

formation of an adsorbed film of plant extracts inhibit the corrosion of Cu in 2.0 M HCl 

solution. 

 

4. CONCLUSION 

The studies show that ES extract can act as efficient inhibitor of corrosion of Cu in 2.0 M 

HCl medium. Inhibition efficiency increases with increasing inhibitor concentration, but 

decreases in high temperature. The values of apparent activation energy, decreases with the 

increase in the inhibitor concentration. The adsorption of the ES extract on Cu follows the 

Langmuir adsorption isotherm. The negative values of $%�&'
(  means that the adsorption of ES 

extract on Cu surface is a spontaneous process and furthermore the negative values of $%�&'
(  

also shown the strong interaction of the inhibitor molecule onto the Cu surface. The results 

obtained from polarization measurements revealed that ES extract behaves as a cathodic type 

of inhibitor. SEM images confirmed the corrosion of Cu in 2.0 M HCl and its inhibition by 

ES extract. 

 

Acknowledgement 

The authors are grateful to University of Kashan for supporting this work by Grant No 

(159194/8). 

 

REFERENCES 

[1] M. Behpour, S. M. Ghoreishi, N. Soltani, and M. Salavati-Niasari, Corros. Sci. 51 

(2009) 1073. 

[2] M. Behpour, S. M. Ghoreishi, M. Khayat Kashani, and N. Soltani, Mater. Corros. 60 

(2009) 895. 

[3] F. Eghbali, M. H. Moayed, A. Davoodi, and N.  Ebrahimi, Corros. Sci. 53 (2011) 513. 

[4] M. Abdallah, Corros. Sci. 44 (2002) 717. 

[5] A. S. Fouda, and A. S. Ellithy, Corros. Sci. 51 (2009) 868. 



Anal. Bioanal. Electrochem., Vol. 6, No. 3, 2014, 341-354                                                   353 

 

[6] M. Behpour, S. M. Ghoreishi, N. Mohammadi, N. Soltani, and M. Salavati-Niasari, 

Corros. Sci. 52 (2010) 4046.  

[7] M. Behpour, and N. Mohammadi, Corros. Sci. 65 (2012) 331.  

[8] Y. Q. Feng, W. K. Teo, K. S. Siow, Z. Q. Gao, K. L. Tan, and A. K. Hsieh, J. 

Electrochem. Soc. 144 (1997) 55.  

[9] P. B. Raja, and M. G. Sethuraman, Mater. Lett. 62 (2008) 113. 

[10] M. Hazwan Hussin, and M. Jain Kassim, Mater. Chem. Phys. 125 (2011) 461. 

[11] P. C. Okafor, M. E. Ikpi, I. E. Uwaha, E. E. Ebenso, U. J. Ekpe, and S. A. Umoren, 

Corros. Sci.  50 (2008) 2310. 

[12] A. K. Satapathy, G. Gunasekaran, S. C. Sahoo, K. Amit, and P. V.  Rodrigues, Corros. 

Sci. 51 (2009) 2848. 

[13] J. C. Rocha, P. Cunha, J. A. Gomes, and E. DElia, Corros. Sci. 52 (2010) 2341. 

[14] M. M. Singh, R. B. Rastogi, B. N. Upadhyay, and  M. Y. Adav, Mater. Chem. Phys. 80 

(2003) 283.  

[15] E. M. Sherif, and S. M.  Park, Corros. Sci. 48 (2006) 4065.  

[16] N. Soltani, N. Tavakkoli, M. Khayatkashani, M. R. Jalali, and A. Mosavizade, Corros. 

Sci. 62 (2012) 122. 

[17] M. Lebrini, F. Robert, H. Vezin, and C. Roos, Corros. Sci. 52 (2010) 3367. 

[18] S. M. Ghoreishi, M. Shabani-Nooshabadi, M. Behpour, and Y. Jafari, Prog. Orga. Coat. 

74 (2012) 502. 

[19] H. Ashassi-Sorkhabi, D. Seifzadeh, and M. G.  Hosseini, Corros. Sci. 50 (2008) 3363.  

[20] D. F. Roeper, D. Chidambaram, C. R. Clayton, and G. P.  Halada, Electrochim. Acta. 

53 (2008) 2130. 

[21] W. H. Mulder, J. H. Sluyters, T. Pajkossy, and L. Nyikos, J. Electroanal. Chem. 285 

(1990) 103. 

[22] C. H. Kim, S. I. Pyun, and J. H. Kim, Electrochim. Acta. 48 (2003) 3455. 

[23] J. B. Jorcin, M. E. Orazem, N. Pebere, and B. Tribollet, Electrochim. Acta. 51(2006) 

1473. 

[24] H. Ashassi-Sorkhabi, B. Shaabani, and D. Seifzadeh, Electrochim. Acta. 50 (2005) 

3446. 

[25] A. Bouyanzer, and B. Hammouti, Pig. Res. Tech. 33 (2004) 287. 

[26] F. S. Souza, and A. Spinelli, Corros. Sci. 51 (2009) 642. 

[27] E. S. Ivanov, Inhibitors for Metal Corrosion in Acid Media Metallurgy, Moscow 

(1986).  

[28] E. A. Noor, and A. H.  Al-Moubaraki, Mater. Chem. Phys. 110 (2008) 145. 

[29] N. O. Obi-Egbedi, and S. A. Umoren, Corros. Sci. 51 (2009) 1868. 

[30] A. Popova, M. Christov, S. Raicheva, and E. Sokolova, Corros. Sci. 46 (2004) 1333. 



Anal. Bioanal. Electrochem., Vol. 6, No. 3, 2014, 341-354                                                   354 

 

[31] M. Behpour, S. M. Ghoreishi, M. Khayatkashani, and N. Soltani, Mater. Chem. Phys. 

131 (2012) 621. 

[32] S. A. Ali, M. T. Saeed, and S. U. Rahman, Corros. Sci. 45 (2003) 253. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright © 2014 by CEE (Center of Excellence in Electrochemistry) 

ANALYTICAL & BIOANALYTICAL ELECTROCHEMISTRY (http://www.abechem.com) 

Reproduction is permitted for noncommercial purposes. 


